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airframe efficiencies have historically improved over time, they are not sufficient to 
overcome projected increases in passenger miles.  That role may ultimately need to be 
filled by low-carbon fuels.  Potential improvements in air traffic management systems 
have been slowed recently by reductions in Federal RD&D support. Airport expansion 
plans are not evaluated in terms of GHG emission implications. 
 
Possible Solutions:  California should publicly support RD&D into bio- and alternative 
fuels for use in aviation applications.  According to Boeing, the use of "bio-jet" fuel from 
the same feedstocks as vehicle fuels like biodiesel and ethanol is possible in the near term 
as a blend to stretch supplies of Jet-A refined from crude oil.  Feedstocks with potentially 
lower land-use impacts -- such as switchgrass and algae -- have also been identified as 
possible options. 
 
Integrated Gasification technology is another potential option for producing fuels from 
renewable sources.  Kerosene suitable for aviation can be co-produced with other liquid 
fuels, diesel and naptha.  Wood is considered a potential feedstock, and the value of 
electricity co-produced can bring down the cost significantly while the CO2 emissions 
equal to the content of the fuel would be removed from the atmosphere as crops are 
grown.  According to scenario studies, CO2 emissions could be just a few percent of 
conventional kerosene.97 Under a high electricity value and other favorable assumptions, 
one UK study found that gasification could bring prices closest to petroleum Jet - A.  The 
CEC has also recently funded a gasifier demonstration project in Northern California 
using wood waste as a feedstock. 
 
 In the long-term, hydrogen is another potential fuel sources that can be produced from 
renewable resources.  Hydrogen as a fuel is considered a very long term bet, due to the 
need to re-design aircraft to accommodate this fuel.  To the extent that a hydrogen fueling 
infrastructure is developed for ground transportation, this would also support any future 
shift in the aviation industry to hydrogen as a fuel source. 
 
Increases in Federal support for RD&D of advanced air traffic management systems 
would help improve the air travel infrastructure and could provide modest reductions in 
aviation-related GHG emissions.  Potential airport expansions should be considered only 
if the GHG emission effects are considered justified.  The State of California might 
consider a detailed evaluation of how to improve the carbon profile of air travel in the 
state, including all three of the following operational aspects; better aircraft; better fuels; 
and better infrastructure.  Airport operations and equipment themselves are also an 
additional potential area for GHG improvements. 
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APPENDIX VI: Summary Table of Public Responses to Request for Climate Change 
Emission Control Technologies 

 
In May 2008, ETAAC solicited input from the public regarding suggestions for greenhouse gas 
emission control technologies.  The responses received are summarized below.  (All public 
comments on draft versions of the ETAAC report are available at the ETAAC website.) 

ID Suggestion Pollutant saving Cost Contact 
Last 
Name 

Contact 
First 
Name 

Organization 

1 direct photoelectrochemical 
H2 generation from Water 

CO2 $2.08/kg 
H2 

Oakes Thomas 
W 

Solar Hydrogen Co. 

2 increase recycling and 
materials-specific waste 
limits 

5mmtCO2-eq  Smithline Scott Californians Against Waste 

3 petroleum coke to H2-fueled 
turbine for electricity 
generation 

CO2, 
sequestered 

$2B capital, 
2 percent  
/yr 
operating 

Rau Tiffany Carson Hydrogen Power 

4 improved fuel/air mixing 
increases combustion 
efficiency 

CO2, others $199/gas 
engine 

Mogford John Tadger Group International 

5 pulse corona discharge to 
control soot from 
combustion 

soot na Harris Godfrey Pulsatron Technology 

6 more HOV lane stickers to 
incentivize high mpg 
vehicles 

CO2 na Kutaka-
Kennedy 

Joy citizen 

7 fuel and oil additives for 
improving vehicle mpg 

CO2, others na Phelps Kyle Advanced Lubrication 
Technology 

8 H2 ICE and fuel cell transit 
buses 

CO2 na na na na 

9 on-board water to H2 
generation for ICE intake air 
fumigation 

CO, PM, HCs, 
others 

$12,900 for 
large 
diesels 

Gilchrist Steve Canadian Hydrogen Energy 
Company 

10 fuel taxes to encourage high 
mpg vehicle development 

CO2 na Fromm Larry Achates Power 

11 high-albedo materials to 
reduce a/c cooling demands 

110-210kg 
CO2/year/100sq 
m treated roof 

$0.0 - $0.20 
/sq foot 

Taha Haider Altostratus Inc. 

12 SCR for ferry boats NOx, THC, PM 17 percent   
of vessel 
constructio
n costs 

Weaver Chris EF&EE 

13 solar, wind, fuel cell ferry 
boats 

CO2 na Culnane Mary San Francisco Bay Area 
Water Transit Authority 

14 split cycle retrofit kit for 
existing engines 

NOx, PM, 50k 
tpd CO2-eq for 
CA diesel fleet 

$500/liter 
displaceme
nt 

Rutherfor
d 

Rob Roted Design Ltd. 

15 advanced mpg display in 
cars to inform/incentivize 
drivers 

CO2 na Rhett Norm citizen 

16 improve electricity 
generation efficiency by 
enhanced turbine H2 cooling 

.64mmtpy 
CO2/yr from 32 
plants 

$140k-
$260k per 
plant 

Speranza John Distributed Energy Systems 
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system control 

17 relocate power plants to oil 
fields for CO2 sequestration 
and oil recovery 

na na Zozula Kerby Ventura County APCD 

18 replace high GWP solvents 
with flammable low-GWP 
solvents 

HFCs, PFCs  na na MicroCare, 3M, others 

19 oxygen fired combustion for 
electricity generation & easy 
CCS 

CO2, others $0.085/kw-
hr 

DeVanna Leonard Clean Energy Systems 

20 battery bicycles recharged 
from nuclear power 

CO2, others $1,000-
$1,500 per 
unit 

Jamerson Frank Electric Bikes Worldwide 
Reports 

21 ethanol-based fuel borne 
catalyst to improve 
combustion efficiency 

CO2, others  Randoll Bill Accelerated Solutions 

22 pressurized oxygen fired 
combustion with 
sequestration 

50k-100k tonnes 
CO2 /day in CA 

na Fassbend
er 

Alex ThermoEnergy Corporation 

23 external combustion and 
detonation rotary engine 

20 percent  -60 
percent   CO2 
reduction 

na Saint-
Hillaire 

Gilles Quasiturbine 

24 college campuses to use 
multiple "hybrid" 
technologies 

CO2, others 7-11 year 
payback 

Clark Woodrow LA Community College 
District 

25 natural gas replacement for 
wood burning 
stoves/fireplaces 

CO2, others $3400/unit 
+ $50-
$70/year 

na na Sempra Energy, others 

26 ultra capacitors for electric 
vehicles 

CO2 na Chambers Phillip USMC 

27 vehicles that have limited 
run on battery power or run 
on a solar powered monorail 

CO2 $150k/mile 
for rail, 
$10k/car 

Roane Jerry Roane Inventions 

28 H2 fuel cells to replace 
marine APUs 

CO2 $3400/kw Bruns-
Wustefel
d 

Stefan Hannover Export 
Management Conusult 

29 install smart meters to 
increase consumer 
awareness of electric power 
consumption 

CO2 $100-$400 
per unit 

na na na 

30 Smart Signs connected to 
hiway remote sensing to 
make motorists aware of 
vehicle condition 

CO2 na na na na 

31 biofuel technology for 
passenger cars 

CO2 less than 
$1000/vehi
cle 

Ellis Chris Hykinesis Inc. 

32 plug-in hybrid vehicles with 
larger batteries 

CO2 na Nortman Pete EnergyCS 

33 require dockside ships to use 
cold ironing 

CO2 $3.5M/bert
h, $1M/ship 

Waugh Mike ARB 

34 microsolar panels to 
supplement residential 
electricity  

CO2 $300/75W na na na 

35 synthetic engine oil to 
increase engine efficiency 

CO2, others $7-$8/qt Suel Patrick na 
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36 charge fee for low mpg cars 
to subsidize high mpg cars 

CO2, others na Hodge Cal For a 2nd Opinion Inc. 

37 Neste Oil's techology to 
convert vegetable/animal fat 
to diesel fuel 

CO2, others  Hodge Cal For a 2nd Opinion Inc. 

38 liquefied landfill gas for 
vehicular use 

CO2 $.72-$1 
/gallon 
LNG 

Watkins Larry SCAQMD 

39 plasma magneto-
hydrodynamic power 
generation using decaying 
isotopes 

CO2 na Vahab Christian Peeker Atomic Energy 
Systems Inc 

40 react CO2 with H2 to make 
a fuel for electricity 
generation 

CO2 na Ralston Jack ECO2 

41 rebates as incentives for 
LSVs 

CO2 na Drushell Theo Davis Electric Cars 

42 hydraulic, pneumatic 
systems for vehicle regen 
braking 

CO2 na na na CalStart, etc. 

43 electrification of airport 
GSE 

CO2 $20k/unit Pasek Randall SCAQMD 

44 use waste heat from 
residential a/c to heat water 
for house or spa 

CO2 $550-
$700/unite 

na na G&S Mechanical Services 

45 CEQU-based fee structure 
for GHG emissions 

na na Craft David MBUAPCD 

46 remove barriers to better 
forest management 

na na na na USDA Forest Service 

47 flywheel batteries for port 
cranes 

CO2 15 percent  
-20 percent   

$250/crane na na VYCON 

48 100 mpg cars at reasonable 
cost 

CO2 $3k-
$11k/car 

Starr Gary ZAP 

49 fuel cell vehicles using H2 
from renewable sources 

CO2 na   California Fuel Cell 
Partnership 

50 cellulosic ethanol 
biorefineries 

CO2 by 80 
percent   

$7/gallon/y
ear 

Simmons Blake Sandia National 
Laboratories 

51 biodiesel from algae CO2 $.52/L Simmons Blake Sandia National 
Laboratories 

52 on-board ammonia for 
reducing NOx 

CO2 na Jacobson Wiliam SY-Will Engineering 

53 capture landfill gas for 
power generation 

CO2, CH4 na Bennet Russ Redding Power 

54 increase average vehicle 
ridership through 
ridesharing incentives 

CO2 na Bishop Josepth Traffic Bulldog 

55 Demand Side Management, 
reduced population growth 

CO2, others na Bennett Russ Redding Power 

56 proprietary substitute for 
blowing agent for 
polyurethane and 
polystyrene foams 

F-gases, HFCs, 
500k tonnes 
CO2-eq 

na Kalinows
ki 

Tim Foam Supplies Inc 

57 tax rebates for residential 
solar water heaters 

CO2 $1500 
rebate/unit 

Del 
Chiaro 

Bernadett
e 

Environment California 

58 decentralize worksites for 
large organizations to reduce 

CO2 na na na na 
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commute emissions 

59 convert diesel engines to 
natural gas 

CO2 down 20 
percent  -25 
percent   

na Funk Werner Omnitek Engineering 

60 ice storage air conditioning 
to shift a/c loads to off peak 
hours 

CO2 4-6 tpy 
CO2-
eq/commercial 
building 

up to 
$30k/install
ation 

Kuhlman Paul Ice Energy Inc. 

61 solar conversion of ambient 
CO2 to fuel 

450 tpd CO2 per 
100k gallons 
MeOH produced 

$5-
$6/gallon 
gasoline 
equivalent 
produced 

Stechel Ellen Sandia National 
Laboratories 

62 truck APU CO2, others $1350 
installed, 
$120/yr 

Dennehy John Emerson Suphal 

63 convert all CI & SI engines 
to run on plant-based fuels 

CO2, others equal or 
less than 
current 
fuels 

Hotaling Dick Fleet Multi-Fuel Corp 

64 use nuclear power, iron-seed 
oceans to increase algae 

CO2 $.10/kw-hr, 
trillion 
dollars 

na na nrc.gov, planktos.com 

65 fuel additive to improve fuel 
economy 

CO2 $03-
$.12/fuel 
gallon 
treated 

Taplin Harry BTU Consultants 

66 continue incentives for CHP 
projects 

CO2 50 percent   
reductions over 
central power 
plants 

$1800-
$3000/kw 
plus .5-2 
cents/kw 

Wong Eric California Clean DG 
Coalition 

67 scrubber for removing 
VOCs without combustion 

CO2, others 10 percent  
-100 
percent   
cost of 
convention
al thermal 
oxidizer 
systems 

McGinne
ss 

Mike EcoShield 

68 hybrid HVAC using evap 
cooling, heat exchangers and 
thermal storage 

CO2, others $15/sq ft Lentz Mark Lentz Engineering 
Associates 

69 install solar collectors as 
Salton Sea evaporates to 
reduce dust and generate 
power 

CO2, dust na na na na 

70 install flue gas condensers 
on boilers/heaters to recover 
latent heat 

CO2, CH4, 
reduced by 10 
percent  -15 
percent   

na Abma Sid Sidel Systems USA Inc 

71 reactors to reduce ag waste 
for burial/sequestration and 
oil recovery 

CO2 $500/unit Semerau John na 

72 ban high consumption light 
bulbs, incentivize residential 
solar panels, etc. 

CO2 na na na na 
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73 restore ecosystem 
productivity 

CO2 200 
tons/hectare 

na Coleman William Planktos 

74 proprietary battery for EVs, 
200 Wh/kg, $150/kw-hr 

CO2 $150/kw-hr England Christoph
er 

Electrochimica 
Development 

75 new EV CO2 $1B-$2B Woodbur
y 

Rick Commuter Cars Corp 

76 system to recycle exhaust to 
the intake of vehicle engines 

CO2 reduced 23 
percent  , others 

$9000/retro
fit 

Covit Raymond 
Paul 

na 

77 subsidize retrofits of existing 
technologies 

CO2 na na na na 

78 capture potential energy of 
trains descending long 
grades as electricity 

CO2 $5M/mile Bartley Tom ISE Corporation 

79 public outreach and 
education to remind people 
where resources come from, 
what happens to wastes 

CO2 na na na na 

80 recuperated gas turbines to 
replace locomotive engines 

CO2 $1.126M/lo
comotive/2
0yrs 

Pier Jerome JR Pier & Associates 

81 improved drying process for 
clothes dryers and flue gas 
cleaning 

CO2 8.5M 
tonnes/yr in 
Germany 

na Curtis Fritz na 

82 tree sequestration 35 trees = 6 cars low McPherso
n 

Greg UCDavis Urban Forestry 

83 outreach - reduction is the 
solution, technology is not 

na na na na na 

84 hybrid, alt fuel, other 
"green" vehicles 

CO2 na na na na 

85 lithium batteries - H2 is a 
storage medium not a fuel 

CO2 na na na na 

86 expand electric rail service 
throughout the State, and 
nuclear power 

CO2 na na na na 

87 diesel-electric hybrid class 
6&7 trucks 

CO2 down 30 
percent  -60 
percent   

$47k/truck Truebloo
d 

Tom International Truck and 
Engine Corp 

88 fuel cell CHP systems CO2 down 20 
percent  -50 
percent   

$7/kw 
installed, 6 
cents/kw-hr 

Slangerup Tom ClearEdge Power Corp 

89 incentives to reduce cost of 
HD hybrid vehicles 

CO2 down 30 
percent  -60 
percent   

incremental 
cost of 50 
percent  -
100 percent   

Van 
Amburg 

Bill WestStart-CALSTART 

90 increase us of polyurethane 
foam panels and spray-on 
insulation to reduce buiding 
energy losses 

CO2 down by 15 
percent  -20 
percent   

20 percent  
-200 
percent   of 
convention
al 
insulation 
cost, but 15 
percent  -50 
percent   
energy 
savings 

Womack Frank Air Products and Chemicals 
Inc. 

91 unique CO2 separation CO2, 10ktpd for na Graham Wendy Air Products and Chemicals 
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technology to reduce CCS 
costs 

500MW plant Inc. 

92 high speed maglev, as used 
in Shanghai 

CO2, 743ktpy $19B 
capital, 
$394M/yea
r operating 

Perdon Alberto Orangeline Development 
Authority 

93 battery-powered school bus CO2, 100 
percent   
reduction 

$225k-
$250k/bus, 
saves 
$8250/yr in 
fuel 

na na na 

94 State funded solar and wind 
power installed on industrial 
roofs 

na na na na na 

95 Advanced Energy Storage to 
flatten electric grid load 
curves 

CO2 $00-
$800/kwhr 

Wong Eric California Clean DG 
Coalition 

96 electric efficiency 
improvement through 
automation and DG 

CO2, others na Cleveland Frances Xanthus Consulting 
International 

97 automated equipment and 
ground power to reduce 
locomotive engine run time;  

CO2 down by 43 
percent   

$8000/loco
motive 

Smith Wade Amtrak 

98 High Speed Train in 
California Corridor 

CO2 down 
12.4B pounds 

>$33B Smith Wade Amtrak 

99 H2 generator based on 
ethanol reforming 

CO2 down 
1ktpy 

$2.5-$5/kg 
H2 

Shuster Terry  HyRadix Inc 

100 Advanced Truck Stop 
Electrification 

CO2 down 98k 
tonnes/year 

$16,700/par
king space 

Doty Carol IdleAir Technologies Corp. 

101 cellulosic ethanol via acid 
hydrolysis, also from landfill 
gas and waste 

CO2 down 
176ktpy/plant 

$1.02/gallo
n 

Sumait Necy Blue Fire Ethanol 

102 replace current IC engines 
with Tour engines 

CO2, others na Tour Oded Tour Engine Inc. 

103 solid oxide fuel cells CO2 down by 
400lbs/MWhr 

$10k/kW na na Bloom Energy 

104 CHP DG systems with fuel 
independent renewables 

CO2 65ktpd 4-5 
cents/(kWe
+kWt) 

Castaldini Carlos CMC-Engineering 

105 bio-oils from microalgae 2M tpd for 30 
percent   market 
share 

$1/gallon Asmusse
n 

Keith General Atomics 

106 tidal electricity generation CO2, others na Von 
Jouanne 

Annette Oregon State University 

107 forestry and biomass for 
power generation 

CO2, 7M 
tonnes/yr 

$2M/MW Reese Phil Colmac Energy 

108 promote solar pv 
installations 

na na na na na 

109 closed-cycle combustion CO2, 100 
percent   
reduction 

1/3-2/3 cost 
of 
convention
al boilers 

Stockton Edward SOG 

110 compression and turbo-
expansion of process 
exhaust stream to separate 
CO2 

CO2 na Chang Dan UC Davis 
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111 incentives for hybrids to 
replace older cars, ala Moyer 
program 

CO2 na na na na 

112 enhance phytoplankton 
fertility as offshoot of Ocean 
Thermal Energy Conversion 
facilities 

CO2 na Barry Chris Ocean Renewable Energy 

113 digestion and co-digestion of 
organic feedstocks to 
methane for CHP 

CO2, CH4 na na na na 

114 suction to remove CO2 from 
atmosphere 

CO2, CH4 na Goodrich John na 

115 alt fuels for Container 
Terminal Equipment 

CO2 na na na na 

116 replace older equipment 
with lean burn equipment 

CO2 na Ayala William Jon's Marketplace 

117 partial oxidation catalyst for 
vehicles 

CH4, NOx 41 
percent   

$18-
$30/vehicle 

Bartley Gordon SwRI 

118 permitting fast track for 
businesses using green 
technologies 

CO2, CH4 na Ryan Hank Small Business California 

119 focus on efficiency, 
incentives for performance 

CO2 na na na na 

120 instead of cap & trade, use 
tax refunds/feebates to 
incentive technology 
development and 
commercialization 

na na Johnson Ken na 

121 find substitute for Si in PVs, 
advance Ni-metal-hydride 
for H2 storage in cars 

CO2 na Deniz Gladys na 

122 better refrigerator insulation, 
lower appliance stand-by 
power demand, prioritize 
hiway lane access 

CO2 na na na NA 

123 CO2 capture via 
hydrogenation to methane 

CO2 na na na ECO2 (Norway) 

124 innovative HVAC system 
for improved indoor air 
quality at reduced energy 
consumption 

CO2 na Mumma Stanley Penn State 

125 wind power to generate H2 
for vehicle use 

CO2 na na na na 
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APPENDIX VII - Glossary 
 
AB 32   California Global Warming Solutions Act of 2006 
BEV   Battery Electric Vehicle 
BLM   US Bureau of Land Management 
BOE   Board of Equalization 
Cal-EPA  California Environmental Protection Agency 
CARB   California Air Resources Board 
CalISO  California Independent System Operator 
CalTrans  California Department of Transportation 
CCAR   California Climate Action Registry 
CCS   Carbon Capture and Storage 
CDF   California Department of Forestry and Fire Protection 
CDFA   California Department of Food & Agriculture 
CEC   California Energy Commission 
CEQA   California Environmental Quality Act  
CFIP   California Forestry Improvement Program 
CHP   Combined Heat & Power 
CIWMB  California Integrated Waste Management Board 
CO2   Carbon Dioxide 
CPUC   California Public Utilities Commission 
DOE   United States Department of Energy 
DWR   California Department of Water Resources 
Emission Allowance Authorization to emit a given quantity of a pollutant 
Emissions Cap A limit on emissions of greenhouse gases or other pollutants, with 

or without a trading system 
FCEV Fuel cell electric vehicle 
GHG   Greenhouse Gases 
Grandfathering Setting emission limits or baselines based on historical emissions  
EJAC   Environmental Justice Advisory Committee 
ETAAC  Economic and Technology Advancement Advisory Committee 
IOU   Investor-Owned Utility 
LCFS   Low Carbon Fuel Standard 
LED   Light Emitting Diodes 
MAC   Market Advisory Committee 
MMTCO2E  Million Metric Tons Carbon Dioxide Equivalent 
MPR   Market Price Referant 
MSW   Municipal Solid Waste 
MW   Megawatts 
MWh (or MWhr) Megawatt-hours 
NOx   Nitrogen Oxides 
NEPA   National Environmental Policy Act 
NRCS   Natural Resources Conservation Service 
Offset An emission reduction that can be used to mitigate an emission 

increase, or in lieu of an otherwise required emission decrease. 
PHEV   Plug-in Hybrid Electric Vehicle 
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PM10   Particulate Air Emissions less than 10-microns in diameter 
PV   Photo-voltaic 
RD&D   Research Development & Demonstration 
RECs   Renewable Energy Credits 
RPS   Renewable Portfolio Standard 
SOx   Sulfur Oxides 
SWRCB  State Water Resources Control Board 
USDA   United States Department of Agriculture 
USFS   United States Forest Service 
VMT   Vehicle Miles Traveled 
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